Abstract-This research aims to study Thai university library and information sciences instructors' and students' opinions on teaching and learning environments for the development of digital literacy skills. The research tools included digital literacy self-assessment and in-depth interviews. The findings indicate that 400 students from across Thailand considered their abilities for digital tools usage good and that they considered their information and digital transformation skills to be at an intermediate level. Interviews with the instructors revealed information about teaching environments, problems and obstacles, and the interviews indicated alternative methods for Information Sciences students' digital literacy development.
I. INTRODUCTION
It is generally known that digital technologies play an important role in the digital age. Hence, there is a need to close the gap in digital device accessibility and expand opportunities to access technology in order to create equality. However, creates a significant problem: students' failure to understand how to use such technology in the learning process [1] . Although students are capable of accessing technology, they are not able to use it efficiently, especially when it comes to the learning process [2] . Even though instructors attempt to support social media usage in order to engage students' attention [3] , they are not able to integrate this into students' continuous learning process. Indeed, students rely on technology usage yet they lack critical evaluation, selection and usage knowledge, as well as academic skills [1] , [4] , [5] . This includes supporting the critical usage of technology in order to efficiently exceed capacities in various aspects.
Consequently, providing advice on using technology for learning purposes has become a significant issue for the digital learning environment [6] , especially for information scientists who play a role in digital content and media production. In accordance with the coming of the digital age, information sources and general knowledge have been transformed into digital formats and such resources have dramatically increased in number [7] . The capacity to present and produce content within the digital environment is considered a vital qualification for twenty-first-century information scientists. They need to be capable of adapting their roles-transforming from readers into quality writers in the digital world and from customers to information generators [8] - [10] . Information, media or computer literacy, therefore, are not sufficient capabilities by themselves for information scientists in the digital age. Information scientists need to be capable of critical thinking and interpretation, and they also need to be able to use digital tools in order to generate digital content and information in several forms. Digital literacy development is regarded as another challenging role for universities that offer library and information sciences courses for information scientists and developers in the twenty-first century [4] , [8] , [9] , [11] .
The purpose of this research was to study the opinions of instructors and undergraduate information sciences students at Thai universities in order to analyse students' digital literacy competence and identify the barriers that stop them from attaining these necessary skills. From this research, it is expected that solutions can be proposed for both alternative methods of instructional design and related skills support, as well as methods for enhancing digital literacy competence.
The research questions were divided into two aspects: RQ1: What level are information sciences students' digital literacy skills? RQ2: What should the environment be like for teaching digital literary competence?
II. LITERATURE REVIEW

A. Digital Literacy
The debate surrounding the definition of digital literacy started as early as the 1990s. Digital literacy has been defined in various ways since the term was first introduced by [12] . In 1997, this concept appeared in a book entitled Digital Literacy, in which the author defined digital literacy as the ability to comprehend and apply various forms of information science from several sources in order to present information on the computer. Later, in 2005, [13] suggested a more complete definition. He defined digital literacy as the individual realisation, attitude and capacity of digital tools usage in order to access, manage, integrate, analyse and synthesise digital information sources. This includes generating new knowledge and producing many forms of digital media in order to communicate, create and reflect the concepts within other daily life situations. [14] notes that digital literacy consists of three dimensions: technical, cognitive and sociological skills. These are used to solve problems within the environment of a digital society.
Furthermore, a number of scholars define digital literacy as a circumstance of technological development. Individuals with digital literacy skills must be able to use technology as the digital age's information management tools [15] in terms of management, evaluation and communication, and they must possess a fundamental knowledge of the laws and ethical issues concerning information access. In other words, digital literary could encompass the application of technology for a presentation or problem solving, co-operating and knowledge sharing, as well as being aware of individual responsibilities and the individual rights of oneself and others [5] .
Consequently, acquiring digital literacy education means the ability to access various information sources, the practical capacity to use digital tools for information sources management and the ability to generate and share different media, as well as the ability to efficiently present and communicate using the proper processes and tools [16] , [17] . In addition, [18] indicates that digital literacy is the situation in which a person is encouraged by society to use his/her skills, capacities and strategies to present and comprehend the concept of various kinds of media, as well as efficiently apply digital tools and develop ideas and concepts.
This research is underpinned by the digital literacy framework of [13] and synthesised digital competences from review literatures. The ideas can be summarised with a synthesis, as shown in Table I [13] , [14] , [19] - [25] .
As shown in Table I , the researcher selected related information and divided digital literacy skills into three skill indicator categories as follows: 1) Information skills: the fundamental concepts of information management and the techniques and methods related to information management. This category is comprised of problem definition, issue searches, the methods and strategies for accessing analysis, synthesis, content systematisation, evaluation, interpretation and information application for solving problems or working properly. 2) Digital tools usage: the skills and competencies required to learn and use various software applications, digital tools usage for daily life convenience and meeting goals, an ability to manage and solve basic computer problems, communication skills, an ability to manage personal information on networks and the application of technology for co-working and ethics. Digital literacy requires the technical ability to operate digital devices, as well as a variety of cognitive skills to execute tasks in digital environments. 3) Digital transformation: the consolidation of information using evaluation skills with the aim of generating, improving, designing, producing and presenting new forms of information, creating new knowledge, creatively producing digital innovation by co-learning, reflecting on what could be improved and publishing work while understanding internet information copyright law.
Having studied the literature review, the researcher summarised the definition of digital literacy as an individual's ability to properly use technology as a tool in order to facilitate information management, as well as to create and present new forms of information, to solve problems and to apply digital literacy in daily life concerning individual responsibilities and rights for oneself and for others [26] . Furthermore, during the literature review, the researcher found that there is one main composition for digital literacy development that is regarded as a significant issue: cognitive skills. According to every composition of digital literacy development, students have to critically think, evaluate, decide and properly select information, which takes into account higher order thinking skills and this fits into a twenty-first-century skills perspective [18] , [27] , [28] . This also encompasses attitudes and perspectives concerning the ethical use of information. This is one of the significant compositions of appropriate behaviours for information specialist in terms of communication and digital information publishing, especially for the role of information producers, as shown in Fig. 1 . 
III. METHODOLOGY
A. Participants
The sample groups for this study were divided into two groups: undergraduate students at government universities and instructors. The details are summarised below. 1) Students for the survey consisted of Thai university juniors enrolled at 12 universities in the fields of library and information sciences, information studies and information management. A simple random sample was produced by the G*power calculating program to calculate the size of a sample group consisting of 400 participants. Then, cluster sampling was completed, which were selected in and outside the Bangkok metropolitan area. Three universities were selected for each region by drawing lots. The process was considered an opportunity for equal rights.
2) The group of instructors included library and information sciences and information management instructors working during the first semester of 2016. Purposive sampling was completed using the following criteria: first, instructors needed to have at least 10 years experience in the field of instruction; and, they needed to work for well-recognised institutions in the professional field.
Instructors from five universities were selected: Konkhean University; Chulalongkorn University; Srinakharinwirot University; Walailak University; and Nakhon Si Thammarat Rajabhat University.
B. Instruments
This study was based on primary data gathered using both quantitative and qualitative methods, including a questionnaire and interviews. 1) Questionnaires about digital literacy competence evaluation were given to students. The questionnaire consisted of two parts. The first related to respondents' use of online service tools. The second part asked respondents to evaluate their self-perception of three aspects of digital literacy: information skills, digital tools usage and digital transformation. The measurement instrument was prepared from the literature and previous research and content validity (Content Validity Index: CVI) by using Lynn's index [29] . Five experts in the field of digital literacy, critical thinking and evaluation evaluated the questionnaire's linguistic accuracy. The standard content validity was estimated as 0.88 (S-CVI/Ave). The total individual content validity index (I-CVI) was higher than 0.67 and was considered acceptable [30] , [31] . SPSS software was used to analyse the data and present the results of the study. 2) Instructors were interviewed about their perceptions of teacher librarians, who play a significant role in developing digital literacy skills by integrating digital technologies into student learning through explicit instruction, as well as obstacles to increasing digital literacy and new ways to encourage digital literacy. The research data was summarised by content analysis.
IV. RESULTS
The results answered the two research questions. RQ1: What level are information sciences students' digital literacy skills; RQ2: What should the environment be like for teaching digital literary competence?
A. Information Sciences Students' Digital Literacy
The results of the questionnaires about the information sciences students' evaluation of their digital learning capacity are as follows:
1) Online services
The researcher categorised online service tools according to their purpose of use. The categories were divided into four groups: communication; daily life; learning; and production.
Considering the online service tools used by the respondents, it was found that the tools were mostly used for communication. Almost everyone used the tools to communicate with their friends on social media, such as Facebook, Twitter and Line. Of the participants, 357 also used online tools to search for information. Other purposes included sharing photos and videos and co-working with others, such as generating documents, collecting data or co-reporting. The least popular purposes were digital storytelling via digital medias; only 29 participants did this, as shown in Fig. 2 . According to the research [32] - [36] , it has been found that most students have the fundamental skills and capacity for properly using digital tools for communication and daily life actions.
2) Digital literacy evaluation
The results of the students' evaluations of self-perception concerning digital literary were divided into three aspects: information skills, digital tools usage and digital transformation. The data is presented as follows: The data analysis for this can be seen in Tables II-IV. Table II , this study found that undergraduate information sciences students evaluated their information skills as being at an intermediate level (total mean 3.45). Most of the respondents were capable of sharing files on the internet ( ̅ 3.67) and many said that they examined the accuracy of information before using it ( ̅ 3.62). The least understood information management technique was the application of Metadata ( ̅ 3.16). In accordance with the data, it can be summarised that most of the students knew how to use social media properly. However, when they had to use their advanced skills to distinguish, categorise, integrate and apply information, they were not confident; therefore, the mean decreased. 2) Digital tools usage: a focus on the skills and abilities needed to use computer programs and applications, and the use of digital tools as a facility to solve problems in career and everyday life to achieve one's aims. An analysis of the information in Table III reveals that the undergraduate library and information science students' overall skills in digital tool usage were high (total mean 3.58). Most of the students were capable of using technologies to facilitate communication with other people ( ̅ 3.90) and they usually adapted technology to their everyday life ( ̅ 3.83). The students displayed the lowest level of skill in fixing technical problems on computer systems ( ̅ 3.08). Analysis of the information shown in Table IV reveals that the undergraduate students in library and information science had intermediate-level overall skills in digital transformation (total mean 3.40). Most of the students understood that they should not use other people's work without the owners' permission ( ̅ 3.77) and they understood plagiarism ( ̅ 3.64). The students' ability to create their own work and avoid plagiarism was at the lowest level ( ̅ 3.13). This information demonstrates that the students understood copyright infringement, but lacked the skills to create new content on their own.
In conclusion, the students evaluated their digital learning skills in digital tools usage as being at a high level ( ̅ 3.58), followed by information skills and digital transformation skills, which they evaluated as being, overall, at an intermediate level ( ̅ 3.45 and ̅ 3.40, respectively) as shown in Fig. 3 . 
B. Context Learning to Promote Digital Literacy
The in-depth interviews focused on the three following topics: teaching environment, obstacles in instructional design and methods to develop digital literacy skills in undergraduate library and information science students. The interviews with instructors demonstrated that the methods used to develop digital literacy in information science students can be developed as follows. First, universities should set clear policies and provide the appropriate learning environment to facilitate the use of technology to support context learning, such as building infrastructural systems and encouraging the practical and progressive use of e-learning in every subject. Second, curricula should include content for skills that promote digital literacy by integrating such content into each subject, since the study found that promoting digital literacy cannot be achieved by only attending a workshop; instead, it must be studied in a lesson. Third, instructional design has to be a form of student-centred learning. Students should be encouraged to practise and fix problems by themselves with technology as a facility for instructional management. Every step should include the development of students' thinking and should focus on assessment by making students develop their thoughts by using the questioning strategy. Evaluation can help instructors learn about students' attitudes and behaviours when using social media. The questions to ask in class should be related to real situations or instructors should provide case studies that prompt students to think critically, ask questions and discuss their answers in class. Most students are aware of what they should do, but they have a difficulty enacting it in everyday life. Therefore, this is the challenging part in evaluating digital literacy. Finally, students should be inspired that an information specialist is a crucial role in the twenty-first century. Apart from gaining knowledge about information and technology management, students can do more than collecting data because they have the ability to create new knowledge or products [37] - [39] . According to [40] , in order for students to develop their digital literacy, they have to understand the process of work creation via digital media, especially because information scientists nowadays not only present data but also create and edit data as content creators. They have to transform data into a form of digital information and develop methods for collecting and accessing information to make the process simple and convenient [41] , [42] .
V. CONCLUSION
The role of information specialist has changed and now includes digital content creation, something that has developed in many ways through our role as collectors, disseminators and preservers of information resources and the resultant opportunities for providing wider access through digitisation [43] . Thus, information sciences students should be taught the skills and knowledge necessary to manage digital creation projects. This study revealed that to develop an information specialist's digital literacy, s/he has to practise three skills: information management skills, digital tools usage and the creation of new content and the consolidation of information. The three skills are based on the process of developing cognitive skills, which have to be integrated into every step of the developmental process. This finding is in accordance with [44] . From the qualitative information collected in this study, the methods for creating effective teaching and learning environments for promoting digital literacy require that universities construct clear policies in order to support the fundamental structure of technology usage. The structure of technology will correspond to the curriculum and the content in each subject is adjusted by integrating digital literacy skills into related subjects [45] . Moreover, instructors have to adopt optimal techniques, teaching methods and evaluations that encourage students to develop their thinking process, to question, discuss and debate and create projects using proper digital tools. In addition, instructors may encourage students to become aware of the important role of an information specialist as a digital content creator in the present moment and they could alert them to the fact that they can take on more moral responsibility as information intermediaries.
Further research is needed to explore how to design learning environments to improve learners' digital literacy in promoting students' skills in using digital tools to design and develop new forms of information science. The instructional design focuses on the critical thinking process and on students' skills in both developing an idea and creating an invention from their ideas. Students will be expert learners and will be able to solve problems creatively.
